Dynamic remodelling of actin stress fibres (SFs) allows non-muscle cells to adapt to applied forces such as uniaxial cell shortening. However, the mechanism underlying rapid and selective disassembly of SFs oriented in the direction of shortening remains to be elucidated. Here, we investigated how myosin crossbridge cycling induced by MgATP is associated with SF disassembly. Moderate concentrations of MgATP, or [MgATP], induced SF contraction. Meanwhile, at [MgATP] slightly higher than the physiological level, periodic actin patterns emerged along the length of SFs and dispersed within seconds. The actin fragments were diverse in length, but comparable to those in characteristic sarcomeric units of SFs. These results suggest that MgATP-bound non-muscle myosin II dissociates from the individual actin filaments that constitute the sarcomeric units, resulting in unbundling-induced disassembly rather than end-to-end actin depolymerization. This rapid SF disassembly occurred independent of dephosphorylation of myosin light chain. In terms of effects on actin-myosin interactions, a rise in [MgATP] is functionally equivalent to a temporal decrease in the total number of actin-myosin crossbridges. Actin-myosin crossbridges are known to be reduced by an assisting load on myosin. Thus, the present study suggests that reducing the number of actin-myosin crossbridges promotes rapid and orientation-dependent disassembly of SFs after cell shortening.
INTRODUCTION
Actin stress fibres (SFs) are contractile structures in nonmuscle cells [1] . SFs are primarily composed of actin, non-muscle myosin II (NMII), a-actinin and tropomyosin [2] . The structure of mature SFs has periodic arrays of these proteins similar to the organization of myofibrils. The periodicity measured in non-muscle PtK2 cells is approximately 1.2 mm [3]. Contractile forces generated by NMII-actin interactions can lead to shortening of existing SFs, as well as contribute to the assembly of the extracellular matrix [4, 5] , focal adhesions and SFs themselves [2, [6] [7] [8] [9] [10] . SF reorganization is also induced by externally applied forces. For example, cyclic matrix stretch causes cells to reorient their SFs away from the direction of stretch [11] [12] [13] [14] [15] [16] [17] .
Molecular mechanisms of SF assembly and disassembly have been extensively studied [18] . Increased phosphorylation of myosin regulatory light chain (MLC) promotes the assembly of new SFs in a gradual process that takes place over several minutes. The conventional mechanism for SF disassembly involves MLC dephosphorylation, via MLC phosphatase (MLCP), and the subsequent decreases in actomyosin MgATPase activity and contractile force required for maintaining SF structural organization. This relatively slow disassembly process occurs through kinetic competition between MLCP and the Rho kinases (Rho-kinase, myosin light chain kinase (MLCK), and zipper-interacting protein kinase) over several minutes, similar in timescale to the phosphorylation of MLC and the resulting assembly of SFs. In contrast, orientation-dependent disassembly of SFs can occur in a matter of seconds in response to sudden large-magnitude shortening of the matrix to which cells adhere [19] or SF detachment via localized application of trypsin at focal adhesions [20, 21] . These studies suggest that MLC dephosphorylation alone is insufficient to account for such rapid and selective disassembly of SFs oriented in the direction of cell shortening.
Studies using extracted SFs, which allow control over the chemical environment interacting with the SFs, have provided important insight into the mechanisms of SF disassembly. MgATP is ubiquitous in living cells, and its intracellular concentrations (i.e. approx. 2 -8 mM) are maintained very precisely under various physiological conditions [22] . Using extracted SFs, we showed that SFs contracted and remained relatively stable at [MgATP] below 2 mM [23] . At high physiological levels ([MgATP] . 5 mM), addition of MgATP induced rapid SF disassembly at rates similar to that observed for shortening-and trypsin-induced SF disassembly. These results suggest that rapid turnover of actin -myosin bonds via the powerstroke cycle contributes to SF disassembly independent of MLCP activity. This mechanism may be important for rapid SF disassembly caused by cell shortening.
Our previous experiments observing MgATP-induced SF disassembly were performed using phase-contrast microscopy that limited our ability to analyse disassembled actin at dimensions below optical resolution. Consequently, we were uncertain how SFs, having a width of approximately 200-500 nm [24] , disperse into smaller constituent molecules when placed in MgATPrich environments. Here, we found that the process of MgATP-induced SF disassembly occurs via shedding of actin filaments with lengths similar in size to those of the sarcomeric units.
MATERIAL AND METHODS

Cell lines
A7r5 vascular smooth muscle cell lines (ATCC, CRL-1444) were cultured in Dulbecco's modified Eagle medium (Invitrogen) supplemented with 10 per cent foetal bovine serum (JRH Biosciences) and 1 per cent penicillin -streptomycin (Invitrogen). We confirmed by immunostaining that the cells expressed non-muscle b-actin (anti-b-actin, Applied Biological Materials) and myosins IIA (anti-non-muscle myosin heavy chain IIA, Covance) and IIB (anti-non-muscle heavy chain myosin, Abcam) along the length of the SFs.
Solutions
Low ionic strength (m) solution contained 2.5 mM triethanolamine [25] [26] ). The pH was adjusted to 8.2 (low m solution) or 7.2 (wash solution and activating solution) with KOH at room temperature. The m-value of both wash solution and activating solution was adjusted to 170 mM with potassium chloride. The compositions were calculated based on the equilibrium constants for all the above metals and ligands described by Fabiato & Fabiato [27] .
Exposure of stress fibres
Cells cultured on a cover glass (18 mm square) were washed twice with cold PBS. Cells were rinsed once with ice-cold low m solution, and then quickly de-roofed (approx. 1 min) by exposing to repeated applications of fresh low m solution from a pipette [28] [29] [30] . After observing under a phase-contrast microscope that the apical plasma membrane and most cellular organelles, including the nucleus, were removed (figure 1), low m solution was replaced with ice-cold wash solution. Ventral SFs and the cell cortex lying along the basal plasma membrane remained on the cover glass. Since most, if not all, cytoplasmic MgATP and free actin and myosin molecules were removed, all remaining myosin heads were expected to bind to actin in the rigour state.
Observation of dynamic behaviour of stress fibres
The cover glass supporting the exposed SFs was placed upside down over a glass plate to make a perfusion chamber with 10 mm width, 18 mm length and approximately 100 mm gap height using two parallel strips of scotch tape and a nail polish adhesive. The channel between the two glass surfaces was filled with wash solution containing 200 mM cytochalasin D (CytoD, Santa Cruz) with or without 300 nM Alexa 488-phalloidin (Molecular Probes) for 3 min, and then perfused by wash solution containing 200 mM CytoD via capillary action. The chamber was mounted on the stage of a microscope (IX-71, Olympus), activating solution containing MgATP was perfused from one side of the chamber and time-lapse epifluorescence images of SF behaviour were captured with a UPlanFL N objective (100X, NA 1.3, oil, Olympus) using a charge-coupled device camera (ORCA-R2, Hamamatsu). After treatment with activating solution for 3 min, the solution was exchanged with wash solution containing 200 mM CytoD. Actin-associated structures that dispersed from the SFs during MgATP treatment and later adhered to the opposite coverglass in the chamber were imaged to detect the sizes of actin-containing fragments. All experiments were performed at room temperature (22-248C). For preparation of solutions, water-insoluble CytoD was dissolved in dimethyl sulphoxide to a concentration of 20 mM and stored at 2808C. These stocks were diluted with either wash solution or activating solution to the working concentration.
Characterization of actin-containing fragments
We characterized the composition of the individual dispersed actin fragments by assessing the effect of including CytoD in the wash solution. 
Immunostaining
Cells were fixed with 4 per cent paraformaldehyde for 10 min, washed with PBS containing 30 mM glycine, permeabilized with 0.1 per cent Triton X-100 (TX) for 3 min, treated with 10 per cent normal goat serum in blocking solution (Block Ace, AbD Serotec) for 1 h at room temperature. The cells were then incubated with anti-a-actinin mouse monoclonal antibody (Sigma) at 48C overnight, incubated with Alexa 647-conjugated secondary antibody (Molecular Probes) and then double-stained with Alexa 488-conjugated phalloidin. Epifluorescence images were captured using the ORCA-R2 camera.
Image analysis
Fluorescence intensity along a particular line in acquired images was obtained by IMAGEJ (NIH). FastFourier transform analysis on the intensity profile was performed using a custom-made program written in LabVIEW (National Instruments) to obtain the distance between peaks. To quantify the length of fluorescent actin filaments, individual filaments in acquired images were detected semi-automatically based on the difference in fluorescence intensity between the background and filaments using another custom-made program written in Vision (National Instruments), thus yielding the contour length of each filament. In cases where filaments cross, we measured the length by careful manual tracing. We did not count lengths of 0.5 mm because of the limit of optical resolution. Unpaired Student's t-tests (for variables with a Gaussian distribution) or Mann -Whitney U-tests (for variables with a non-Gaussian distribution) were used as appropriate to compare independent variables between groups.
RESULTS
Contraction of extracted stress fibres
SDS polyacrylamide gel electrophoresis (PAGE) and immunoblotting were performed to examine the composition of the SF preparation extracted from A7r5 cells (figure 2). Compared with the whole-cell preparation, the SFs from de-roofed cells contained a limited number of polypeptide bands. A total of 12 proteins (NMIIA, NMIIB, ROCK-2, MYPT1, MLCK, a-actinin, caldesmon, a-SMA, b-actin, tropomyosin, MLC and calmodulin) were identified by immunoblotting (figures 2b and 3). The relative amounts of 1P-MLC (i.e. monophosphorylation of MLC at Ser19) and 2P-MLC (i.e. diphosphorylation of MLC at Thr18/Ser19) to total MLC showed that MLC in the extracted SFs is not dephosphorylated (figure 3). Using this SF preparation with actin filaments labelled with Alexa-phalloidin, we performed time-lapse fluorescence microscopy to confirm that the SFs maintained MgATP-induced contractile function in the presence of phalloidin. Our previous time-lapse imaging by phasecontrast microscopy showed that unlabelled extracted SFs promptly disassembled at [MgATP] above 4 mM, whereas the SFs shortened in axial length at [MgATP] below this critical value [23] . In the present study, we used an [MgATP] of 2.7 mM (m ¼ 157 mM, pMg ¼ 2), which caused phalloidin-bound SFs to shorten at a constant rate of approximately 0.8 mm s 21 before collapsing into a tight mass without inducing disassembly (figure 4). This rate is smaller than but comparable to the rates we previously measured for unlabelled extracted SFs (approx. 1.8 mm s 21 at 3 mM [MgATP]; [23] ).
Sarcomeric pattern along stress fibres
We next used a-actinin immunostaining to characterize the sarcomeric pattern within SFs. Periodic striations were detected along the length of individual SFs within intact cells (figure 5a). Striation patterns with similar periodicity were detected in extracted SFs (figure 5b). These striations were not as distinct as those typically observed in myofibrils, which have a highly ordered periodic structure composed of thin filaments attached to the Z-line (consisting of a-actinin) and thick filaments located in the middle of the sarcomere [31, 32] . Interestingly, thinner SFs tended to have the most consistent striations (figure 5c,e(i)). Meanwhile, thicker SFs, which were more common than thin SFs, exhibited apparently irregular striations characterized by nonuniform a-actinin staining not only in the axial direction but also across the width of the SF (figure 5d,e(ii)). We quantified the periods of the relatively regular striations of thin SFs by spectral analysis as a representative of the sarcomeric unit length (figure 5f,g). Statistical analysis using an unpaired Student's t-test showed that there was not a significant difference in the length distributions of SFs from intact cells and extracted SFs.
MgATP-induced disassembly of stress fibres
Next, we characterized the disassembly of extracted SFs upon treatment with high [MgATP] . To accomplish this, the wash solution was exchanged with activating solution containing 10 mM MgATP, resulting in complete SF disassembly in approximately 10 s (figure 6a). Prior to treatment with 10 mM MgATP, phalloidin staining appeared relatively uniform along the length of the SFs (figure 6a, left). After exposure to 10 mM MgATP, periodic patterns emerged along the length of the SFs after approximately 3 s, soon followed by the dispersal of short fragments of the SFs into the solution. Intensity measurement and its spectral analysis indicated a periodicity in phalloidin staining of approximately 2 mm (figure 6b,c). Following MgATP exposure, the reaction was quenched by washing away the activating solution. Actin fragments that dispersed from the SFs and passively adhered to the opposing coverslip at the edges of the sample chamber were imaged and analysed. If the chamber was washed only once, some of the actin fragments maintained the capability to exhibit mobility when incubated with wash solution (electronic supplementary material, figure S1 ). By comparing images taken over a time interval of 2 s, it is apparent that this mobility was predominantly oriented along the fragment major axes. This mobility was lost after a second wash, suggesting that the mobility of these fragments was caused by myosin motor activity driven by residual MgATP remaining after the first wash. This mobility was also inhibited if the extracted SFs were treated with 0.1 per cent TX for 30 min at 48C prior to MgATP administration. TX inactivates RhoA/ Rho-kinase without dissociating actin, myosin and a-actinin from extracted SFs [33] . These results suggest that the mobility of these actin fragments was caused by both MgATP-and Rho-dependent actomyosin interactions. Further, TX pretreatment rendered the periodic patterns created after 10 mM MgATP exposure (figure 6d -f ) to be more distinct than the patterns observed when TX was not applied (electronic supplementary material, figure S2 ). Statistical analysis using a Mann -Whitney U-test showed that there was not a significant difference in the intensity peak-to-peak distance between SFs with and without TX pretreatment.
Characterization of shed actin fragments
Quantification revealed that these shed actin fragments have very uniform fluorescence intensity (figure 7a). Specifically, intensities quantified from various positions along the length of individual filaments and between different filaments differed by only approximately 2 per cent, resulting in a very small variance (figure 7b, first bar). As phalloidin attaches to actin subunits at a 1 : 1 molar ratio [34] , fluorescence intensity is expected to be proportional with the amount of actin. Indeed, the average intensity increased in a stepwise manner at points where two or three actin fragments crossed (figure 7a, arrows and arrowheads; figure 7b, second and third bars, respectively). If these fragments consisted of filament bundles, some bundles would be expected to fluoresce more brightly than others owing to differences in the number of filaments bundled together. Taken together, these results indicated that these fragments consist of individual actin filaments.
Next, we characterized the composition of the individual shed actin fragments by assessing the effect of including CytoD in the wash solution. Dual-labelled actin fragments were observed when CytoD was absent (figure 8a). The presence of CytoD almost completely inhibited such dual-labelling of the fragments (figure 8b). We quantified the distribution in actin fragment lengths when CytoD was not included in the wash solution as compared to when the wash solution contained CytoD (figure 9). Substantially long (.4 mm) fragments were observed in the absence of CytoD regardless of phalloidin labelling and/or TX pretreatment. In contrast, fragments in the presence of CytoD were substantially shorter, with virtually no filaments longer than 2.5 mm. Here, in the case of unlabelled SFs (Phl-), the shed actin fragments were labelled with Alexa 488-phalloidin after MgATP treatment, washing and capture.
DISCUSSION
It is well accepted that NMII plays a critical role in SF assembly. By studying the behaviour of extracted SFs exposed to various concentrations of MgATP, we have obtained new insight into the additional role of NMII in SF disassembly. At 2.7 mM MgATP, SFs were stable and contracted steadily over tens of seconds. Phalloidin binding slows but did not impair SF contractility in our system. This is consistent with previous observations that phalloidin did not affect interaction of purified single actin with skeletal myosins [35] . Raising MgATP concentration to 10 mM, while maintaining the m-value of the wash and activating solutions, caused the SFs to completely disassemble within 10 s. SF disassembly resulted in the dispersal of individual actin filaments with a length of approximately 1 mm (figure 9). Note that the length of F-actin that constitutes the muscle sarcomere is approximately half the size of the sarcomeric unit [36] . The shed actin filaments are just half the length of an SF sarcomeric unit (figure 5), which is also comparable to that of peak distances that emerged along the length of the SFs (figure 6). These results suggest that the disassembly of SFs is not mediated by end-to-end depolymerization of constituent actin filaments, but rather by dissociation of the actomyosin complex and unbundling of intact actin filaments that originally constituted the sarcomeric units.
To our knowledge, nebulin that is believed to determine F-actin length in myofibrils is not expressed in non-muscle cells. Thus, the length of SFs in nonmuscle cells may inherently have a variety of lengths. Electron microscopy has been the sole method for analysing the microstructure of SFs such as the length of constituent actin filaments [3, 37, 38] ; however, F-actin is present in a cross-linked actin architecture, which makes it difficult to identify individual filaments to determine their lengths [39] . The present method greatly simplifies the characterization of actin filament lengths. The extracted SFs in the rigour state were treated with CytoD and phalloidin at high concentrations to inhibit polymerization, end-to-end annealing [40] and depolymerization of the actin filaments. Subsequent MgATP treatment followed by dissociation of the actomyosin complex thus allows easy detection of the native lengths of actin filaments in SFs. It should be pointed out that the increase in filament length observed in the absence of CytoD pretreatment (cf. figure 8a ) was owing to filament annealing after shedding, i.e. CytoD was not artificially shortening the filaments while they were still part of intact SFs.
MgATPase activity of NMII allowing actomyosin contraction, responsible for the maintenance of SF structures, is regulated by phosphorylation of MLC [6, 41] . MLC is dephosphorylated by MLCP, and MLCP activity is regulated by Rho-kinase, an effector of RhoA. It has been reported that intracellular cyclic adenosine monophosphate (cAMP) levels are sharply elevated within 10 min following a release of cellular tension [42] or new integrin ligation with matrix [43] . Elevated cAMP mediates deactivations of RhoA and MLCK through protein kinase A (PKA), resulting in the dephosphorylation of MLC and subsequent SF disassembly [18] . However, it is unlikely the cAMP/PKA pathway is able to disassemble entire SFs within seconds through kinetic competition among MLCP, Rho-kinase and MLCK since that usually occurs over several minutes. In addition, there is no obvious mechanism by which quick cell shortening is able to cause selective disassembly of only the SFs oriented in the direction of shortening [19] [20] [21] if this disassembly is caused only by diffusively transported biochemical signals [18] . Our results provide additional lines of evidence for the putative mechanism underlying selective disassembly of SFs (figure 10), which we previously discussed [23] and here delve more deeply into the underlying mechanism. In addition to MLC-regulating intracellular signals, SF remodelling is controlled by mechanical cues from their environment. Such external loads transmit force to the SFs through focal adhesions, which are ultimately transmitted to NMII-actin bonds. Recent kinetic and single-molecule biophysical studies of skeletal muscle myosin II, smooth muscle myosin II and NMII have revealed that the fraction of the MgATPase cycle time that the myosin head is attached to actin (i.e. the duty ratio) is significantly lowered by an assistive forward load on the myosin molecule [44] [45] [46] [47] . Sudden SF shortening could provide a forward load on the constituent NMII. The expected decrease in the duty ratio (whose original value in unstrained condition was estimated to be 0.05 in NMIIA isoform and 0.23 -0.4 in NMIIB isoform; [48, 49] ) caused by the forward load could promote the detachment of entire myosin minifilaments. We submit that the binding of cytoplasmic MgATP to SFs being shortened quickly (enough to prevent new formation of actin -myosin crossbridges) may be sufficient to cause their prompt disassembly in a similar manner. This model is consistent with experimental observations that rapid SF disassembly is observed only when SFs are shortened faster than actomyosin sliding velocity [50, 51] .
Different from the selective SF disassembly we have discussed, Costa et al. [50] reported that all SFs within a cell disassemble after quick cell shortening. In their paper, three of the four images (cf. fig. 3c,d, 4a ,b of their paper) used to demonstrate cell shortening-induced disassembly still contained actin bundles oriented preferentially away from the direction of cell shortening. SFs within an individual cell tend to be co-aligned along the major axis of the cell; hence, it is possible that Costa et al. observed the disassembly of all SFs in their fig. 3d because most SFs were originally aligned in the direction of shortening. A subsequent study by Sato et al. [19] carefully quantified the proportion of cells that still contained SFs 15 min after cell shortening and reported that there were significantly fewer SFs in cells oriented in the direction of unloading than in cells oriented away from the direction of stretch. Additional experiments are underway in our group to definitively characterize the effects of SF shortening on disassembly.
While there are several similarities between SFs and myofibrils [36] , these structures are clearly different in terms of stability. SFs are relatively unstable structures prone to fast turnover compared with myofibrils [52, 53] . SFs have approximately 8 -10 NMIIs in each half of a myosin minifilament [45, 54] . Myofibrils, in comparison, have approximately 150 skeletal myosin II per half a myosin thick filament [55] . The small number of myosin molecules in non-muscle myosin minifilaments may be responsible for the instability of SFs. In addition, SFs are expected to be particularly sensitive to assistive loads because of the markedly high loaddependent MgADP release rates of NMIIB, the major NMII isofrom present along the length of SFs [49] . Given that myofibrils are used for repeated shortening and lengthening, it would be highly disadvantageous to have such structural instability. SF turnover in non-muscle cells, on the other hand, is critical to cell shape changes and migration. Thus, non-muscle cells need their SFs to be inherently unstable in order to allow rapid SF remodelling. In (a), where end-to-end annealing was permitted, actin filaments labelled with different dyes were observed. In (b), where CytoD blocked polymerization, very few actin filaments were observed to be labelled with both dyes. Scale bar, 5 mm.
To our knowledge, there are no data regarding the dependence of NMII MgATPase activity and the duty ratio on [MgATP] measured in a physiological range of .2.5 mM. The only kinetic data we have noticed were reported by Wang et al. [49] in which MgATPinduced dissociation of purified actin and NMII was examined at 2.5 mM [MgATP] . They showed that [MgATP] dependence of the dissociation rates is still gradually increasing but reaching a saturated state at a concentration of 2.5 mM. The transition of SF condition from shortening (figure 4) to disassembly (figure 6) was induced only by increasing [MgATP] with a fixed m-value of the solutions. Thus, actin-myosin crossbridges with a limited number of NMIIs in a sarcomeric unit may be close to the limit for complete dissociation around the physiological [MgATP] [23] .
Our results are consistent with previous reports that NMII has a role in driving actin network disassembly [46, [56] [57] [58] [59] . Direct in vitro studies showed that NMII was involved in unbundling actin bundles composed of fascin, a globular actin filament cross-linker. When myosin II attached to the surface of actin -fascin bundles at high concentrations, the bundles disintegrated into single actin filaments. It was hypothesized that the forces produced by NMII motors, which may penetrate into the bundles, break the bonds between F-actin and fascin [58] . Unlike actin -fascin bundles that form filopodia independent of NMII [60, 61] , SFs are crosslinked predominately by NMII, whose motor activity is necessary for maintaining the structural integrity of SFs as well as focal adhesions [18] .
Non-muscle a-actinin is another major SF crosslinker whose role in SF stability should be considered. a-Actinin has a lower affinity for F-actin than NMII does [52, 62] . We speculate that after actin -myosin crossbridges fail, a-actinin crossbridges are not sufficiently strong to resist SF disassembly. While NMII is necessary for SF stability, perhaps a-actinin serves the purpose of modulating the stability of SFs. Binding of a-actinin to actin is virtually inhibited in the presence of Ca 2þ for pCa less than approximately 6 [62] , which is much lower in concentration than the present experimental condition, pCa 4.5. This Ca 2þ -dependency of non-muscle a-actinin is different from fascin, which is insensitive to Ca 2þ [63, 64] . Therefore, calcium influx after stress imposition [17,65 -67] may also promote disassembly of SFs (but not of filopodia) by decreasing the affinity of a-actinin. Our extracted SFs contain other crossbridge-regulating proteins including caldesmon and tropomyosin (figure 2). While these proteins inhibit actin -myosin interactions, this inhibition is removed under high [Ca 2þ ] such as that found in the activation buffer [68] . Thus, it seems to be reasonable to attribute MgATP-induced dissociation of NMII from actin to the rapid disassembly of SFs we observed.
CONCLUSIONS
We observed that periodic actin patterns emerged along the length of SFs, and the pattern disappeared during rapid SF disassembly caused by high [MgATP] . This disassembly occurred independent of MLC dephosphorylation. Fluorescence microscopy shows that the shed actin fragments had lengths comparable to those in the sarcomeric units of SFs, suggesting that unbundling of SFs is responsible for the disassembly. In terms of qualitative behaviour of actin -myosin interaction, a rise in [MgATP] is expected to be functionally equivalent to: (i) a reduction in MgATPase activity owing to decreased MLC phosphorylation levels, and (ii) a temporal decrease in the total number of actin -myosin crossbridges. Importantly, considering recent kinetic data on NMII load-dependent MgATPase cycle, the latter mechanism involving a decreased number of actin -myosin crossbridges is more likely to occur during quick cell shortening. Therefore, disappearance of particular SFs after cell shortening, which would reduce actin-myosin crossbridges in SFs oriented in the same direction with the shortening, may be caused by the same unbundling process induced by high [MgATP] observed in this study. Thus, SFs can shorten without inducing disassembly. (e) When cell shortening is much faster than the rate of NMII sliding velocity, the NMII heads attached to actin filaments are more likely to experience a forward push (i.e. an assisting load in the direction of the actin barbed ends), which is reported to accelerate MgADP release. Thus, all NMIIs with a decreased duty ratio can dissociate from actin, leading to SF disassembly regardless of MLC phosphorylation.
